. Downregulation of p38 leads to a decrease in the epithelial cell-cell junction molecule E-cadherin and to upregulation of several other genes involved in epithelial-tomesenchymal transition -a change in cell state that facilitates invasion of mammary cells into the bloodstream, and ultimately into other tissues as early DCCs (Fig. 1b) . Inhibition of p38 signi ficantly increases the number of circulating tumour cells, as well as the number of DCCs in both the lung and bone marrow, confirming this protein's role in dissemination.
The authors found that DCCs regain some of their epithelial characteristics when they reach the lung and bone marrow. However, it is not clear whether dormancy-associated p38 signalling is restored when the cells enter these sites. Nor is it known whether these early DCCs are less responsive to quiescence-inducing cues from their new micro environments 14 than cells that leave the primary tumour at later stages.
Are early DCCs less likely to become -or to stay -dormant when they reach distant sites? Perhaps so. Adopting different experimental strategies, both groups demonstrated that early DCCs are inferior to late DCCs in their ability to form primary tumours if implanted in another mammary gland. However, early DCCs are substantially more metastasis-competent, forming metastases faster and more prolifically than their later counterparts (Fig. 1c) .
The molecular mechanisms that drive dissemination from early mammary lesions identified in these studies might not apply across all subtypes of breast cancer or to other cancers. Nonetheless, the findings provide a general framework within which to study causality between early DCCs and metastasis -particularly for cancers in which early dissemination is a documented phenomenon, such as skin 6 and pancreatic 8 cancers. These studies have major implications with regard to preventive therapies. First, given the microscopic stage of primary tumour formation at which dissemination of metastasiscompetent cells occurs, developing means for early tumour detection may not be sufficient to prevent metastatic disease. And, because cells have probably disseminated by the time a primary tumour is detected, targeting the mechanisms of early dissemination identified in these studies may not be a viable therapeutic strategy either. Thus, we should aim to target the characteristic properties of early DCCs -their long-term survival and therapeutic resistance 14 . As Hosseini et al. confirmed from their analysis of human tissue samples, early DCCs differ substantially from the primary tumour at the molecular level. Thus, to learn about early DCCs, we must increase the frequency with which DCCs are isolated from humans, profiled, and studied functionally in appropriate animal and culture models. This will aid the identification of elusive molecular targets for precision metastasis-prevention therapies based on demonstrable steps in cancer progression, instead of on an assumption of linearity. ■ Cyrus M. Ghajar 
Unexplored territory for self-assembly
Cage-like structures can self-assemble from suitable metal ions and organic linkers, but the size of the assemblies was limited. The surprise discovery of a new series of cages opens up fresh horizons for self-assembly. See Letter p.563
ature has inspired an efficient way to synthesize large molecular aggregates: self-assembly. In the natural process, multiple copies of subunits (proteins, for example) spontaneously agglomerate into complex, hierarchical architectures such as virus shells (capsids). On page 563, Fujita et al. 1 report their use of self-assembly to prepare the largest known, artificially synthesized cagetype object that has a precise atomic composition -an almost spherical shell that assembles from 144 components.
Construction in the macroscopic world is usually associated with building sites, where many builders simultaneously assemble bricks to give shape to an architect's design. But although synthetic chemists can be thought of as molecular architects 2 , construction of molecules at the nanometre scale works quite differently. Conventional synthetic protocols allow target compounds to be constructed only through a linear sequence of steps, and the intermediates formed after each step must be purified in a time-consuming and yieldreducing way. This limits both the size and complexity of target molecules, so that the most complicated structures synthesized so far consist of no more than several hundred atoms and are only a few nanometres in length (see ref. 3, for example).
Chemists have therefore used self-assembly extensively to make molecular superstructures on different length scales and of diverse shapes and structures. In particular, metallosupramolecular chemistry involves the self-assembly of bifunctional organic ligands such as bipyridyl molecules (which possess two binding sites for metal ions) with ions of metals such as palladium (Pd 2+ ). The structures that emerge can be polyhedra, in which the metal ions act as vertices that are connected by edges formed by the organic ligands.
If individual ligands in these compounds can be exchanged easily for other ligands, then the resulting systems can rapidly adjust and rearrange in solution to reach the energetically most stable structure as the sole or major product. Under such dynamic conditions, the structure and topology of the final assembly are mainly governed by three factors: the preferential formation of closed-shell structures that maximize the number of metal-occupied binding sites 4 , rather than polymeric products; the second law of thermodynamics, which maximizes entropy by favouring the formation of many small cages at the expense of larger
In the course of two recent geophysical traverses across the Gulf of Guinea, H.M.S. Hecla has discovered a number of marked elevations of the ocean bed approximately on a line between St. Helena and the islands of the Bight of Biafra … The continuous graphical traces made by the precision depth recorder during the traverses indicate that these are rugged topographical features, trending north-east and southwest … Measured from the abyssal depths from which they rise (2,600 fathoms in the north-west to 3,100 fathoms in the south-east) these features have an elevation exceeding that of the Alps … The seamounts are near and may form part of the submerged feature, shown on certain American bathymetric charts as "The Guinea Ridge". From Nature 24 December 1966
Years Ago
Soon after the outbreak of the war, my father, Lord Roberts, asked the public to lend their glasses for the use of the Army. After two years I think your readers may be glad to have some particulars of the result of his request … Upwards of 26,000 glasses have been received … The instruments sent comprise every type, and have been classified and issued according to the needs of different units. Particularly useful have been the fine prismatic glasses sent, which have been allocated to artillery and machine-gun units, according to their power; large mounted telescopes for batteries, deerstalking telescopes for gunners and snipers, and good old-fashioned non-prismatic racing glasses for detection of the nationality of aircraft, locating snipers signalling by disc, collecting wounded, and musketry instruction. From Nature 21 December 1916 assemblies; and the preferential formation of 'isotropic' structures that have indistinguishable subcomponents to minimize surface energy and distribute local strain equally throughout the assembly. It therefore follows that the most favourable structures are highly symmetrical objects in the shape of Platonic solids (regular convex polyhedra such as cubes or octahedra) or Archimedean solids (semiregular polyhedra composed of different regular polygons that converge at identical vertices).
Additional design constraints also apply, such as the need for palladium ions to bind to ligands in a square-planar geometry -which implies the convergence of exactly four edges at each vertex. Taken together, the constraints on the self-assembly of palladium ions with bifunctional ligands reduce the number of potential target structures to five cages of formula Pd n L 2n , in which n can be 6, 12, 24, 30 or 60, and L is the ligand 5 (Fig. 1a) . Over the past two decades, Makoto Fujita's research group has pioneered self-assembly by synthesizing representatives of the first four members of the series: the Pd 6 In the present work, Fujita et al. targeted the elusive Pd 60 L 120 rhombicosidodecahedron, the last representative of the series. However, the authors serendipitously discovered the formation of a Pd 30 L 60 cage whose single-crystal X-ray structure clearly differed from the previously reported one 9 , and the topology of which did not correspond to any of the Platonic and Archimedean solids. The authors therefore postulated the existence of a new series of polyhedra, which had been reported as theoretical possibilities by mathematicians 10 but never observed in any natural or artificial assemblies: closed-shell frameworks in which eight equally distributed triangles are incorporated into a system of squares (Fig. 1b) . These structures are reminiscent of Goldberg polyhedra, which consist of 12 pentagons connected by hexagons, and which are ubiquitous in natural and biological systems -such as fullerene structures and virus capsids.
Impressively, the authors also predicted that the next homologue of the series, Pd 48 L 96 , would be more stable than the isolated compound, and were able to manually separate individual crystals of this larger assembly from the products of their reaction. This cage is by far the most complex molecular structure of precise atomic composition to have been synthesized until now, and is constructed from 144 components through 192 individual metal-ligand interactions.
What is the largest cage structure that could be self-assembled? The extended Goldberg series of polyhedra provides an indefinite number of ever-greater structures, so in principle there is no intrinsic limit to size. However, it will be increasingly difficult to ) and bipyridyl ligands (L) were predicted 5 to self-assemble into five possible polyhedra that have the general formula Pd n L 2n , where n can be 6, 12, 24, 30 or 60. The first four of these have been prepared [6] [7] [8] [9] in the past two decades. b, While trying to prepare the final member of the series shown in a, Fujita et al.
1 isolated a structure of formula Pd 30 L 60 , which had an unprecedented topology. They identified this as part of a new infinite series of polyhedra (only five members are shown), and then isolated the next member of this series, Pd 48 L 96 . This achievement opens up research to identify other assemblies of increasing size and complexity.
A key characteristic of the disease atherosclerosis is the gradual accumulation of plaque deposits on the walls of arteries. Plaque is composed of cellular waste, fatty deposits and cholesterol molecules, and is not uniformly distributed in arteries 1 . Some plaques can reach a size that obstructs blood flow to organs, causing heart attacks or strokes 2 . On page 579, Wang et al. 3 propose a mechanism for plaque development that also provides an explanation for plaque-formation patterns.
Blood-flow dynamics have a central role in atherosclerosis development, and the key driving force is shear stress 4 : the frictional force exerted on blood-vessel walls because of blood flow. Shear stress as a result of the uniform laminar blood flow that occurs in straight regions of blood vessels is not considered to be a risk factor for plaque formation 4 . However, curved blood-vessel regions, including those near branch points, have disturbed (turbulent) blood-flow patterns and are more susceptible to plaque development 4 . How do differences in the mechanical forces exerted on blood vessels result in the promotion or inhibition of plaque formation? Endothelial cells line blood-vessel walls and can sense and distinguish laminar and disturbed blood-flow patterns, which results in changes to endothelial signalling pathways that ultimately determine whether plaque formation is promoted or inhibited 4 . YAP and TAZ proteins act as cellular sensors or checkpoints for mechanical forces 5 . These proteins are also master regulators in the Hippo-protein-mediated signalling pathway, which controls organ size and has a tumour-suppressor function 6 . In athero sclerotic arteries, two of the genes transcribed through the actions of YAP and TAZ are highly expressed 7, 8 ; however, direct evidence that links YAP and TAZ to the sensing of mechanical force by endothelial cells and to the development of atherosclerosis has been lacking.
Activation of the YAP and TAZ pathway can be measured by assaying phosphorylation of YAP, movement of the proteins into the nucleus or the expression of their target genes. Using all three assays, Wang et al. observed the inhibition of YAP and TAZ activity when endothelial cells grown in vitro were subjected to uniform, laminar shear stress. By contrast, YAP and TAZ activity was high when these cells were exposed to disturbed shear stress (Fig. 1) .
Wang and colleagues confirmed that YAP and TAZ activity is regulated by blood flow, using an in vivo system in which the abdominal overcome the entropic penalties associated with the self-assembly of large cages, and to avoid the unwanted but faster formation of smaller cages.
Are there likely to be any practical applications for these giant cages? Investigations into the chemistry and properties of such assemblies might be severely hampered by the difficulties in synthesizing them, especially in bulk quantities rather than just as individual crystals. The structural integrity of the cages, both in solution and in the solid state, is also an unknown crucial issue for any applications. Nevertheless, these huge metal-organic assemblies might encapsulate giant biomolecules such as proteins by forming host-guest interactions, thus stabilizing the biomolecules and potentially allowing control of their structures in unnatural conditions.
Apart from their value as benchmarks for artificial self-assembly processes, Fujita and co-workers' structures might also inspire interest from other scientific areas. For instance, mathematicians could seek more-exotic topologies as targets for self-assembly, and biologists might search for previously unsuspected topologies in virus capsids or other large biological assemblies. And only time will tell whether Fujita and colleagues' synthetic masterpiece will be the starting point for further journeys into yet-unexplored chemical territory. . Regions of disturbed blood flow are associated with deposits of plaque, an accumulation of cellular waste and fatty molecules that can obstruct blood flow and potentially cause disease. Wang et al. 3 report that, in experiments using mouse models and human tissue, endothelial cells adjacent to disturbed blood flow had high YAP and TAZ activity and increased plaque formation. By contrast, endothelial cells adjacent to laminar blood flow have low YAP and TAZ activity and do not have plaque deposits.
